parental divorce) during childhood. Such childhood conditions could affect the development of self-esteem, coping strategies, and personality traits in ways that might affect health and cognition negatively throughout the life course ( Bosma, van de Mheen, & Mackenbach, 1999 ; Caspi, Roberts, & Shiner, 2005 ; Collins, Maccoby, Steinberg, Hetherington, & Bornstein, 2000 ; Lynch, Kaplan, & Salonen, 1997 ) . A problematic social environment in childhood could also affect academic achievements, adult social class, occupational complexity, and health-related behavioral patterns, which, in turn, could have an impact on health and cognition in later life ( Andel, Kareholt, Parker, Thorslund, & Gatz, 2007 ; Deary et al., 2000 ; Fratiglioni, Paillard-Borg, & Winblad, 2004 ; Lynch et al., 1997 ; Richards & Sacker, 2003 ; Whalley, Dick, & McNeill, 2006 ) .
Similarly, exposure to adverse social conditions during childhood could diminish the brain reserve through several pathways. It is possible that childhood living conditions could have an indirect effect on cognitive aging, that is, it is possible that the effect is mediated through morbidity. Research has shown associations between social conditions in childhood and morbidity later in life ( Elstad, 2005 ; Galobardes et al., 2004 ; Godfrey & Barker, 2001 ; Lundberg, 1993 Lundberg, , 1997 . It has also been shown that certain forms of morbidity (e.g., cardiovascular disease and hypertension) are associated with an increased risk of cognitive impairment in later life ( Whalley et al., 2006 ) . Thus, because adverse childhood living conditions increase the general susceptibility for morbidity, it is also likely that this would have an effect on cognition in later life.
Moreover, socioeconomic disadvantages in utero and during childhood could hamper the development of crucial brain structures ( Maggi et al., 2005 ; Whalley et al., 2006 ) . For example, some of the brain structures that mature throughout childhood and even adolescence (e.g., hippocampal formation) are the very same structures that show early signs of deterioration in AD ( Arriagada, Growdon, Hedley-Whyte, & Hyman, 1992 ; H. Braak & E. Braak, 1991 ; National Research Council & Institute of Medicine, 2000 ) . If the brain does not develop fully during maturation, it could lead to an increased risk of AD in later life ( Moceri et al., 2001 ) .
Additionally, animal studies have shown that elevated cortisol levels, as caused by stress, can lead to hippocampal atrophy ( Sapolsky, 1996 ) . Similarly, research on adult survivors of childhood trauma (i.e., physical and sexual abuse) and adults with recurrent bouts of major depression has revealed an increased risk of hippocampal atrophy, possibly caused by prolonged exposure to high levels of cortisol ( Bremner et al., 1997 ( Bremner et al., , 2003 Sheline, Wang, Gado, Csernansky, & Vannier, 1996 ) . Reduced hippocampal volume has, in turn, been shown to be associated with an increased risk of cognitive defi cits ( Lupien et al., 1998 ) . Although these studies concern severe traumas, it is likely that exposure to social turbulence during childhood could be a source of prolonged stress and, thus, lead to high levels of cortisol, which in turn could lead to hippocampal atrophy and cognitive defi cits.
Thus, it is possible that adverse social and socioeconomic prenatal and childhood conditions contribute to an increased vulnerability to cognitive impairment in later life through material as well as through psychosocial mechanisms. It is also possible that such mechanisms could interact-for example, underdeveloped brain structures could be an underlying factor behind adverse behavioral patterns and poor academic achievements ( Dykman, Casey, Ackerman, & McPherson, 2001 ) .
Similarly, research has consistently shown an association between adult socioeconomic position and health problems in later life ( Huisman, Kunst, & Mackenbach, 2003 ; Thorslund & Lundberg, 1994 ; von dem Knesebeck, Lüschen, Cockerham, & Siegrist, 2003 ) , including cognitive impairment ( De Ronchi, 2005 ; Evans et al., 1997 ) .
Hence, there is reason to believe that both social and material aspects of childhood living conditions affect cognitive functioning in later life. Although a growing number of studies have explored the associations between socioeconomic conditions during childhood and cognition in later life, few studies have included other social childhood conditions. Furthermore, by using a cognitive scale, rather than a measure of cognitive impairment, we aim to capture social differences in cognition even at non morbid levels. Thus, the aim of this study is to explore the effects of several aspects of childhood living conditions, socioeconomic position in adulthood, and cognitive functioning in later life. Two questions are addressed: Is there an association between childhood living conditions and cognitive functioning in old age, and if so, is the association modifi ed or mediated through adult socioeconomic position? That is, are any detrimental effects of childhood disadvantage mediated through an increased risk of socioeconomic disadvantage in adulthood? Could a privileged socioeconomic position in adulthood have a therapeutic effect on the consequences of childhood disadvantage, attenuating the association with late-life cognition? Among those exposed to disadvantageous conditions in both childhood and adulthood, is there a synergy effect leading to exceptionally increased risk of poor cognition in later life?
Methods

Data
The study is based on the Swedish Level-of-Living Surveys (LNU) from 1968 and the Longitudinal Study of Living Conditions of the Oldest Old (SWEOLD) from 1992 to 2002. LNU is a nationally representative longitudinal study, comprising participants aged 15 -75 years, founded in 1968, repeated in 1974, 1981, 1991, and 2000 , with new recruitment of younger individuals and immigrants in order to maintain a representative sample ( Jonsson & Mills, 2001 ). The SWEOLD sample consists of those participants from the LNU sample who have reached the upper age limit, that is, those aged 77 years and above. Both LNU and SWEOLD are conducted using face-to-face interviews. The sample is representative on a national level and comprises community dwelling as well as institutionalized individuals ( Lundberg & Thorslund, 1996 ) . The response rate was 95.4% in 1992 ( n = 537) and 84.4% in 2002 ( n = 621). For the purpose of this study, the 1992 and the 2002 data sets were merged together, creating one data set comprising 1,158 individual cases. Out of these, information on at least one of the included variables was missing for 188 observations, leaving a material of 970 individual cases to be included in the analyses. Information on childhood conditions for these individuals was retrieved by retrospective self-reports from the 1968 LNU study, when the median age of the respondents was 54 years.
Measurements
In the 1992 and 2002 SWEOLD study, cognition is measured using an abridged version of the Folstein Mini-Mental State Examination (MMSE; M. F. Folstein, S. E. Folstein, & McHugh, 1975 ):
1. Registering and repeating three objects (0 -1 points) 2. Orientation: Which year/month/date is it now? What country are we in? (0 -4 points) 3. Delayed answer: repeating the three objects from the fi rst task (0 -3 points) 4. Attention/concentration: subtracting 7 from 100 fi ve times. Each correct answer gave a score of 0.4 points (0 -2 points) 5. Visual -spatial ability: the ability to correctly draw a geometrical fi gure (0 -1 points)
All missing values were treated as incorrect answers. A similar version of the scale has been described in detail by Parker, Gatz, and Thorslund (1996) and has been used empirically both as a continuous and as a dichotomous variable ( Andel et al., 2007 ) . The scoring ranges from 0 to 11 points, with values rounded to the closest integer. A high score indicates good cognitive function. In 59 cases, the respondents were unable to participate due to dementia. These respondents were given a score of 0 points. Exploratory analyses (data not shown) where these respondents were assigned a score of 1, 2 or 3 all showed similar patterns.
Childhood living conditions were assessed by retrospective self-reports, given in the 1968 LNU survey, on fi ve different childhood conditions (i.e., experienced up to the age of 16): (a) economic hardship during childhood, assessed by the question: " Did your family suffer from economic diffi culties during your upbringing? " The response alternatives were Yes or No ; (b) a large family, as indicated by number of siblings (four or more); (3) the social class of the father; (4) a broken home, as indicated by answering No to the question: " Did you live with both your biological parents during your whole upbringing? " ; and (5) confl icts in the childhood family, assessed by the question: " Was there any serious confl icts in your family during your upbringing? " The response alternatives were Yes , No , or Uncertain . Those answering Yes were classifi ed as being exposed to serious confl icts during childhood.
Father's social class is measured by the respondent's reports on father's main occupation during childhood. Similarly, the respondent's own class in adulthood is measured by self-reports of main lifetime occupation. The occupations were classifi ed using the Swedish Socioeconomic Classifi cation (SEI) system. SEI distinguishes occupations based on: (a) ownership, between self-employed/farmers and employees, (b) type of work entailed, manual or nonmanual, and (3) skills required ( Andersson, Erikson, & Warneryd, 1981 ) . This type of measure of social class has a well-founded theoretical and empirical basis and has often been used in studies on social stratifi cation and health inequalities ( Galobardes, Shaw, Lawlor, Lynch, & Davey Smith, 2006 ) . Because both the occupation of the respondent as well as that of his or her spouse is known, a single social class is assigned for the household. This is done according to an assumed order of dominance, where some positions exert a greater impact on the living conditions, values, and lifestyles of a household than others ( Erikson, 1984 ) . Thus, the occupations of the spouses are compared using an order of dominance, and the dominant position is then assigned to the household. Occupations requiring higher qualifi cations dominate occupations with lower requirements; where equal qualifi cations are required, non-manual occupations dominate manual occupations. Furthermore, the self-employed dominate the employed (with the exception of employed professionals) and the employed dominate the unemployed. In this study, the occupations were classifi ed into four categories: higher and intermediate non-manuals, lower nonmanuals, manual workers, and farmers and self-employed.
Education is measured by a dichotomous variable, separating those with an education ranging beyond grade school (i.e., more than 6 -8 years of schooling) from those with only grade school or less education. The information on education is gathered from the 1968 LNU study.
In Table 1 , the distribution of the sample over the included variables is shown.
Statistical Methods
Ordered logistic regressions were used to study the association between childhood conditions, adult socioeconomic position, and cognition in later life, while controlling for other covariates (e.g., period, sex, age group). The ordered logistic regression is an extension of the common logistic regression that allows for an ordinal outcome variable (in this case the MMSE scale). In such a model, multiple equations (for all steps of the dependent variable) are estimated simultaneously, and the reported coeffi cients are averages of all the estimates attained from these equations. The results refl ect the likelihood of having a lower average MMSE score than the reference group.
Due to the nature of the sample, 102 individuals have taken the MMSE test twice (i.e., in both 1992 and 2002). However, because the tests were conducted 10 years apart, they are treated as independent cases. Thus, all ordered regression models were adjusted for period (i.e., the year the test was taken). Furthermore, this could lead to erroneously small standard errors and, correspondingly, too narrow confi dence intervals. The HuberWhite sandwich estimator of variance with correction for clustering of observations has been used to adjust for this effect.
The impact of childhood conditions on education was analyzed using regular logistic regression. The associations between childhood living conditions and the likelihood of achieving any other social class in adulthood than the most privileged (higher or intermediate non-manual) was assessed by multinomial logistic regressions. In these analyses, the individuals who participated in both SWEOLD studies were included only once (as they were 77 years or older during the fi rst survey, it is highly unlikely that their social trajectory would have changed between the surveys).
Results
The fi rst step in the analysis is to study the associations between childhood living conditions, one by one, and cognition. In Table 2 , such associations are explored, using ordinal multiple regression analyses.
The results show that the odds of having a lower MMSE score is 30% higher among those who grew up in a large family than among those who did not and 41% higher among those who did not grow up with both their biological parents. The odds of having a low MMSE score were 70% higher among those who experienced confl icts in the family during childhood than among those who did not. Similarly, father's social class was signifi cantly associated with cognition. Children of manual workers and farmers and the selfemployed were more likely to have a low MMSE score than the children of higher and intermediate non-manuals. On the other hand, there was no statistically signifi cant association between economic hardship in childhood and cognition.
Thus, there seems to be an association between certain childhood living conditions and cognition in later life. However, rather than being a direct effect, it is possible that this association is mediated through adult living conditions. That is, it is possible that these childhood conditions affect the likelihood of achieving certain conditions in adulthood that are, in turn, associated with cognition in later life (e.g., education and social class). In order to explore this possibility, Table 3 explores the associations between childhood living conditions and education.
In Table 3 , the odds ratios of having an education beyond grade school depending on exposures to different living conditions during childhood are shown. The results show a clear effect of all childhood conditions on education (the effect of broken home, however, is not statistically signifi cant). Being exposed to economic hardship, large family, broken home, confl icts in the family, and/ or having a father working as a lower non-manual, manual worker, farmer, or self-employed decreased the likelihood of achieving an education beyond grade school.
In Table 4 , similar models are used to assess the association between childhood living conditions and the likelihood of achieving any other social class in adulthood than the most privileged (higher or intermediate non-manual). Most striking, perhaps, is that there is no association between broken home or confl ict in the family and social class in adulthood. On the other hand, respondents who were exposed to economic hardship and a large family, and/or had a father who was a manual worker, farmer, or self-employed were signifi cantly more likely to end up in other social classes than the most privileged in adulthood compared with respondents not exposed to these conditions. There was also a tendency for those with fathers classifi ed as lower non-manuals to end up in other social classes than the most privileged. However, this tendency was statistically signifi cant for only the odds of becoming a manual worker in adulthood.
So, the results so far would suggest that there is an association between some indicators of childhood living conditions and cognition in later life. Furthermore, there is a possibility that this association is mediated or confounded by education and socioeconomic position in adulthood. Thus, in Table 5 , the associations between these variables are explored in multivariate models.
In the fi rst model (Model I), all childhood living conditions are entered simultaneously into a model assessing the associations with cognition. The results show that, when entered in a model that controls for the effect of confl icts in the family and father's social class, the effect of a large family and broken home on cognition loses statistical signifi cance. The effect of confl icts in the family and father's social class, on the other hand, remains statistically signifi cant.
In the second model (Model II), education is added to the analysis. The results show that education is signifi cantly associated with cognition. Having an education beyond grade school decreases the odds of having a lower MMSE score by 37%. The effect of having a manual worker as a father is somewhat decreased, suggesting that some of the effect of father's social class on cognition is mediated through education. Moreover, the effect of confl icts in the family on cognition loses statistical signifi cance in this model.
In the fi nal model (Model III), social class in adulthood is included in the analysis. The results show statistically signifi cant independent associations of childhood conditions, education, and adult social class on cognition in later life. Growing up in a household torn by confl icts, having a father classifi ed as a manual worker, or being a manual worker in adulthood was associated with an increased risk of having a lower MMSE score in later life. Conversely, having an education beyond grade school decreased the risk of having a lower MMSE score in later life. In other words, the association between childhood living conditions and cognition in later life cannot be explained by differences in education and adult social class. However, the attenuated effect of father's social class on cognition in later life, when adjusting for education and social class in adulthood, suggests that some of the effect of childhood socioeconomic circumstances is mediated through education and adult social class. Furthermore, interaction terms for childhood conditions, education, and social class in adulthood were tested (data not shown). The only interaction that turned out statistically signifi cant was between large family in childhood and social class in adulthood. Separate analyses showed that this was due to signifi cantly higher cognitive scores among higher and intermediate non-manuals from small families than among the other groups. None of the other interaction terms turned out statistically signifi cant, suggesting that education and social class in adulthood have no systematically modifying effect on the association between childhood conditions and cognition in later life. That is, the magnitude of the association between childhood living conditions and cognition in later life does not differ signifi cantly depending on socioeconomic position in adulthood.
Discussion
This study explored the association between childhood living conditions, socioeconomic position in adulthood, and cognitive status in later life. Two questions were addressed: Is there an association between childhood living conditions and cognition in later life, and if so, is the association modifi ed or mediated by adult socioeconomic position? The results show an association between socioeconomic position in childhood, confl icts in the childhood family, and cognition in later life. Childhood living conditions are also associated with the likelihood of achieving an education beyond grade school and a privileged socioeconomic position in adulthood. In turn, both lack of education and being classifi ed as a manual worker were associated with signifi cantly lower levels of cognitive functioning in later life. However, multivariate analyses showed that father's social class, confl icts in the childhood family, education, and social class in adulthood were all independently associated with cognition in old age, and there seemed to be no modifying effect of education or adult social class on the association between childhood conditions and cognition in later life. This suggests the importance of childhood conditions in maintaining cognitive function even in late life. Yet, these results should be interpreted with some caution. In ordered logistic regressions, it is assumed that the effect of the independent variables is constant throughout the full range of the outcome variable. A Brant test (data not shown) revealed that the effect of some of the independent variables in this study fl uctuated signifi cantly throughout the scope of the dependent variable. However, binary analyses performed for each potential cutoff on the MMSE scale did not reveal any distinguishable patterns. Thus, these fl uctuations seem to be mere moderate random deviations, and the coeffi cients refl ect reasonable averages of the effects of these variables.
Moreover, it should be noted that the indicators of childhood living conditions used in this study were all based on retrospective self-reports and, as such, were susceptible to recall bias. However, as the questions on childhood living conditions were answered in 1968, that is, at least 24 years before taking the abridged MMSE test, it is unlikely that age-bound cognitive changes would affect the reporting.
While it would have been interesting to study differences in cognitive decline among the respondents that participated in both the 1992 and 2002 surveys, they were, unfortunately, too few to provide a basis for meaningful statistical analyses.
There are mainly two ways through which childhood living conditions could affect cognition in later life. First, disadvantageous childhood conditions could have a direct effect on biological development (e.g., through nutritional deprivation and/or prolonged exposure to stress), which, in turn, could affect cognitive function later in life ( Moceri et al., 2001 ; Whalley et al., 2006 ) . Second, disadvantageous childhood living conditions could have an indirect effect on cognition in later life by affecting other determinants of late-life cognition, such as education and adult social class ( Richards & Sacker, 2003 ; Whalley et al., 2006 ) .
The results from this study suggested that childhood living conditions affect cognition in later life through both direct and indirect effects. Although the effects of socioeconomic conditions during childhood seem to be, in part, mediated through adult socioeconomic position, the effect of exposure to confl icts in the family during childhood seems to be independent of socioeconomic conditions during the life course.
These fi ndings are in line with those of several recent studies on early life infl uences on cognitive impairment among older adults ( Kaplan et al., 2001 ; Luo & Waite, 2005 ; Turrell et al., 2002 ; Zhang et al., 2008 ) . Throughout fundamentally different settings, these studies have found that early life socioeconomic conditions have a signifi cant effect on the risk of cognitive impairment in later life. When adult factors are included in the models, the effect of early life socioeconomic position are only slightly attenuated (if at all), suggesting that the bulk of the effect is direct, whereas a smaller portion of the effect is mediated through adult social conditions. These similarities, between studies conducted in substantially different settings, suggest that robust, universal mechanisms underlie the association between childhood living conditions and cognitive functioning in old age.
In conclusion, the results showed that exposures to social and socioeconomic adversities during childhood have significant effects on cognition in later life. Thus, it is likely that adversities faced throughout the life course could lead to an increased vulnerability to cognitive decline in later life. Furthermore, it is likely that these exposures affect late-life cognition through different mechanisms. Thus, the results support a life course approach to understanding the etiology of late-life cognition. That is, a comprehensive understanding of the social determinants of cognitive functioning in later life require attention to exposures to disadvantageous social conditions throughout the whole of the life course, with a special focus on certain, critical, periods (e.g., in utero and during childhood), as well as on chains of associated social exposures stretched out over the life course. Applying a life course perspective on health and cognition in later life should have implications for social policy, public health interventions, and further research. Social and material interventions throughout the life course, and especially during early life, could impact the health burden in later life substantially. Future research should explore the associations between social and material exposures throughout the life course and cognition in later life, as well as potential mechanisms and mediating factors, in greater detail. 
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